In the past decade, various methods have been developed for the identification and typing of prokaryotic and eukaryotic organisms at the DNA level. These methods differ in their taxonomic range, discriminatory power, reproducibility, and ease of interpretation and standardization (62, 67, 86, 87, 101, 106, 110, 116) . The ideal genotyping method produces results that are invariable from laboratory to laboratory and allows unambiguous comparative analyses and the establishment of reliable databases.
In the past decade, various methods have been developed for the identification and typing of prokaryotic and eukaryotic organisms at the DNA level. These methods differ in their taxonomic range, discriminatory power, reproducibility, and ease of interpretation and standardization (62, 67, 86, 87, 101, 106, 110, 116) . The ideal genotyping method produces results that are invariable from laboratory to laboratory and allows unambiguous comparative analyses and the establishment of reliable databases.
One of the newest and most promising methods is amplifiedfragment length polymorphism (AFLP) analysis (11, 118, 122) , developed by Keygene BV, Wageningen, The Netherlands. This method combines universal applicability with high powers of discrimination and reproducibility (45) . An increasing number of reports describe the use of AFLP analysis for plant and animal genetic mapping, medical diagnostics, phylogenetic studies, and microbial typing. This minireview describes the principles, advantages, and disadvantages of AFLP analysis and summarizes its applications in different fields.
PRINCIPLE OF AFLP
In the nomenclature of Vaneechoutte (110) , AFLP analysis belongs to the category of selective restriction fragment amplification techniques, which are based on the ligation of adapters (i.e., linkers and indexers) to genomic restriction fragments followed by a PCR-based amplification with adapterspecific primers. For AFLP analysis ( Fig. 1) , only a small amount of purified genomic DNA is needed; this is digested with two restriction enzymes, one with an average cutting frequency (like EcoRI) and a second one with a higher cutting frequency (like MseI or TaqI). Double-stranded oligonucleotide adapters are designed in such a way that the initial restriction site is not restored after ligation, which allows simultaneous restriction and ligation, while religated fragments are cleaved again. An aliquot is then subjected to two subsequent PCR amplifications under highly stringent conditions with adapter-specific primers that have at their 3Ј ends an extension of one to three nucleotides running into the unknown chromosomal restriction fragment. An extension of one selective nucleotide amplifies 1 of 4 of the ligated fragments, whereas three selective nucleotides in both primers amplify 1 of 4,096 of the fragments. The PCR primer which spans the average-frequency restriction site is labeled. After polyacrylamide gel electrophoresis a highly informative pattern of 40 to 200 bands is obtained. The patterns obtained from different strains are polymorphic due to (i) mutations in the restriction sites, (ii) mutations in the sequences adjacent to the restriction sites and complementary to the selective primer extensions, and (iii) insertions or deletions within the amplified fragments.
Since the original publication by Vos et al. in 1995 (118) (2) . Alternative AFLP typing procedures are based on one enzyme with a single adapter and analysis by agarose gel electrophoresis (32, 105) . A major improvement has been obtained by switching from radioactive to fluorescently labeled primers for detection of fragments in an automatic sequence apparatus (54) . In addition, it has been shown that for small bacterial and fungal genomes a single PCR amplification with one and two selective nucleotides, respectively, on both primers is sufficient (25, 45, 46, 53, 54, 69, 84, 107) .
DATA ANALYSIS
In DNA fingerprinting, the present-day challenge is to compile standardized patterns in a database for interlaboratory use and future reference. This requires an accurate measurement of fragment lengths. Analysis via molecular weight markers in adjacent lanes is straightforward and can be done automatically on digitized images. However, normalization on the basis of external standards has a limited accuracy and is not always adequate for comparisons of the complex AFLP patterns from different gels. A better correction for variation in migration rates and gel distortions is achieved by coelectrophoresis in each lane of both sample and marker fragments. One option is the use of invariant fragments with known lengths as internal markers. More elegant is the use of fluorescent labels with different emission spectra (FAM, ROX, JOE, TAMRA) for analysis on a Perkin-Elmer ABI automated sequencer (25, 26, 32) .
Digitized images in a standard graphical file may be obtained as scanned autoradiographs, as direct output of the Vistra (Texas-Red label; Amersham Pharmacia Biotech) or LI-COR (near-infrared cyanine dye; LI-COR, Lincoln, Nebr.) sequencers, or after conversion of raw data produced by the Amersham Pharmacia automated laser fluorescence sequencers (fluorescein isothiocyanate and Cy5 label) (54) . These data can be imported in gel analysis software like GelCompar software (Applied Maths, Kortrijk, Belgium). ABI data are processed by the Perkin-Elmer GeneScan software, which carries out the normalization and fragment sizing for analysis by the dedicated ABI GenoTyper software. However, this program has no options for export of data to standard graphical formats or for cluster analysis, which is essential for epidemiological and phylogenetic analyses. A recent addition to the GelCompar software enables direct import of ABI as well as ALF data for an accurate normalization, background subtraction, and cluster analysis.
Two methods are used to compare fingerprinting patterns. With patterns of low complexity (Ͻ20 peaks and similar peak heights), band positions are assigned to peaks and similarity is calculated on the basis of band presence versus band absence. With complex patterns, such as those produced by AFLP analysis, it is more accurate to calculate the product-moment correlation coefficient (78, 99) of each pair of densitometic curves, which takes into account the whole of each curve without the assignment of bands. This method is insensitive to relative differences in concentrations. Both methods are available in the GelCompar package.
Proprietary software of Keygene BV converts AFLP patterns to digital genotypes and detects heterozygosities apparent from half-intense bands. Recently, a commercial version, Quantar, has been made available for dominant scoring. The CrossChecker freeware (123) offers automatic lane recognition, a convenient interactive conversion of complex gel patterns into 1/0 data matrices for cluster analysis, and codominant scoring. A discussion of these and other software packages that are useful for the analysis of AFLP data sets like ImageMaster, 1D Elite, Dendron, NT-SYS, and the Phylip and Felsenstein programs is beyond the scope of this review (30, 82, 90, 98) .
COMPARISON OF AFLP ANALYSIS WITH OTHER TECHNIQUES
We compare the performance of AFLP analysis with those of other methods with respect to (i) reproducibility and robustness, (ii) discriminatory power, (iii) typeability, and (iv) operational aspects.
Reproducibility and robustness. Since relatively small amounts of DNA are digested and detection of AFLP fragments does not depend on hybridization, partial digestion and faint patterns, which are sources of irreproducibility with restriction fragment length polymorphism (RFLP) genotyping, can easily be avoided (110) . Furthermore, the possibility of using stringent PCR annealing temperatures renders the AFLP analysis method more reproducible and robust than random amplified polymorphic DNA (RAPD) analysis (11) . This was demonstrated in a recent between-laboratory comparative test by Jones et al. (48) . The intragel-specific correlation levels were evaluated by Huys et al. (42) with Aeromonas spp. and were found to be as high as 95.0 to 98.5%. Similar results were reported by other groups (45-47, 53, 54, 118) .
The main source of ambiguity in the comparison of AFLP patterns is a variation of peak heights, which is probably due to differences in PCR efficiency. As a consequence, the detection of minor fragments may depend on the detection level and the amount of DNA loaded.
Discriminatory power. Genotyping methods differ in their power of discrimination, depending on the taxonomic level and category. In bacteriology, discrimination to the species level is mostly referred to as identification, while typing denotes differentiation to the strain level. AFLP analysis can be used both for identification and for typing. Figure 2 illustrates a typical AFLP analysis of Klebsiella with EcoRI and MseI primers and one selective nucleotide on each primer. Typing and identification can be standardized by defining windows of similarity. For instance, patterns with 90 to 100% homology are considered to be derived from identical strains, patterns with 60 to 90% homology indicate different strains from the same species, while 40 to 60% homology is obtained with isolates of the same genus but of different species. Less than 40% homology denotes isolates from different genera. The same windows of discrimination were applicable to Acinetobacter and Xanthomonas (47, 84) . AFLP analysis is not informative at the taxonomic level of the genus or family (47, 84) , because at Ͻ40% similarity only a few bands are shared and unrelated species may become clustered. So for bacteria AFLP analysis seems to have the same taxonomic range as other fingerprinting techniques like RAPD analysis, pulsed-field gel electrophoresis (PFGE) and RFLP analysis, repetitive DNA sequence-based PCR (rep-PCR), and protein profiling (Fig. 3) . AFLP combines several advantages of these different techniques, which in most cases results in the highest power of discrimination (23-25, 46, 53, 54, 79, 84, 105) . Like RFLP analysis, RAPD analysis, PFGE, and rep-PCR, but unlike amplified ribosomal DNA restriction analysis (ARDRA), AFLPs correspond to mutations that are dispersed over the genome. Like PFGE, RFLP analysis, and ARDRA, variation by AFLP analysis is based on mutations in restriction sites or length variation of restriction fragments, but AFLP analysis also exploits the variation in the nucleotides that match the selective 3Ј ends. Most important is that AFLP analysis displays more fragments than other fingerprinting techniques, sometimes with the exception of RFLP analysis (110) .
For Acinetobacter baumannii RAPD analysis with five different primers was needed to obtain the same significance of clustering as AFLP analysis and DNA hybridization (54) .
Comparison of RAPD analysis, PFGE, and AFLP analysis for Pseudomonas (99) showed that AFLP analysis without selective nucleotides had the highest discriminatory power according to the criteria of Tenover et al. (102) . However, PFGE was superior to AFLP analysis with one selective nucleotide on both primers. Another study of Desai et al. (23) demonstrated that AFLP analysis differentiated strains within the Streptococcus pyogenes group A better than PFGE did. For Xanthomonas
Example of fluorescently labeled AFLP patterns and dendrogram for 11 different Klebsiella isolates. Patterns are the result of amplification of templates generated after restriction and ligation as shown in Fig. 1 . The fragments were analyzed on an automated Vistra sequencer (Amersham-Pharmacia Biotech). The dendrogram was constructed with GelCompar (Applied Maths) software by using the Pearson correlation and cluster analysis by the unweighted pair group method using arithmetic averages. Percentages of similarity and molecular sizes (in base pairs) are shown above the dendrogram. Lanes 1 to 8, identical Klebsiella pneumoniae isolates; lanes 9 and 10, different K. pneumoniae strains; lane 11, a Klebsiella oxytoca strain. Within the AFLP patterns from Klebsiella, for instance, three windows of similarity may be applicable on the basis of the described experimental conditions: window I, 90 to 100% homology, identical strains; window II, 60 to 90% homology, different strains, same species (e.g., Klebsiella pneumoniae); window III, 40 to 60% homology, different species of the same genus; window IV, less than 40% homology, species from different genera. AFLP analysis even differentiated individual strains within the subdivisions of Xanthomonas axonopodis (45) .
rep-PCR methods exploit the variation of insertion sites of interspersed repetitive elements. Universal for most gram-positive and -negative bacteria are ERIC, REP, and BOX elements (83, 115) . A detailed comparison of DNA hybridization with AFLP analysis as well as rep-PCR genomic fingerprints of xanthomonads showed that the clustering based on DNA hybridization was reproduced by AFLP analysis, while the ERIC PCR revealed more strain variation within the clusters. Moreover, the clear correlation between genomic DNA-DNA hybridization and similarity coefficients of fingerprints of AFLP analysis and rep-PCR did not depend on the statistical model, classification scheme, or scoring method (84) . This suggests that AFLP analysis and other fingerprinting methods can function as core techniques in a polyphasic taxonomy system, complementing methods based on DNA-DNA homology.
More species-specific repeats are the Mycobacterium IS6110 transposon (111) and the Mycobacterium direct repeats (51) . With mycobacteria it was found that spoligotyping, which exploits the variability of a mycobacterial repeat structure, may have a higher power of discrimination at the strain level than IS6110 typing, which depends on the number of insertion sequence elements (51) .
In plants, AFLP analysis has been found to be more informative than RAPD analysis (11, 22, 62, 80, 92) , RFLP analysis (38, 60, 80, 92) and simple sequence repeat analysis (80, 92) but as informative as repeat-based fingerprinting (27, 95) . In animals and humans microsatellite-based genotyping is probably more useful for linkage analysis, parentage testing, and forensic identification, but AFLP analysis seems more suitable at the subspecies and zoological family levels (16) . However, scoring of the presence or absence of an AFLP band of dizygotic organisms yields dominant markers, and accurate quantitation of band intensities and special software are needed to discriminate homozygotic and heterozygotic signals for codominant scoring.
Typeability. A unique feature of AFLP analysis is that it can be adapted to the DNA of any organism via the use of selective nucleotides. Isolation of typeable DNA from microorganisms that produce endonucleases, like Clostridium, may present some problems that hamper every DNA-based typing method. A basic limitation of AFLP analysis (and other genomic typing procedures) is that the organism to be typed must be isolated, since DNA from other sources disturbs the AFLP pattern. For example, typing of bacteria in tissue, stool, or soil samples by the direct use of such samples may be feasible with specific PCR or hybridization assays but not with AFLP analysis.
Operational aspects. Since AFLP analysis is a PCR-based assay, only a small amount of DNA is required, e.g., 10 to 100 ng from one to three bacterial colonies or 0.1 to 1 g of eukaryotic DNA from 50 l of blood. This DNA must be pure and double stranded, but its exact concentration seems to be less critical than it is for RAPD analysis.
Oligonucleotide adapters and primers can be custom synthesized. Commercial kits for AFLP typing of plants and microorganisms (Perkin-Elmer Biosystems, Foster City, Calif.) are also available. The subsequent digestions, ligations, amplifications, and analysis on a polyacrylamide gel are relatively time-consuming, but with fluorescent primers and analysis on an automatic sequencer, AFLP analysis can be performed within 24 h.
Analysis on an automated sequencer with software to analyze the informative but complex banding patterns allows an automatic compilation of a database and comparison of the patterns to reference patterns. The reproducibility is high enough to compare patterns to patterns of later or previous isolates or even to patterns obtained from other laboratories.
A quantification of the signal is required for discrimination of homo-and heterozygotes and for the comparison of expression patterns on cDNA (5, 35, 49, 66) . This can be accomplished by phosphorimaging of radioactive gels, with capillarybased automatic sequencing machines, and with the LI-COR slab gel apparatus but not with other slab gel machines or by the scanning of X-ray films.
APPLICATIONS IN PLANT AND ANIMAL GENETICS
We will briefly review applications of AFLP analysis that have proven to be useful in fields other than microbiology. Plant molecular genetics. (i) Phylogeny and diversity. In plants, AFLP analysis is a multilocus PCR technology that generates as many as 150 locus-specific bands, a high percentage of which can be polymorphic. Estimates of genetic distances based on differences in AFLP patterns are informative about genetic diversity (33, 80, 94, 95, 104) , phylogeny (38, 95) , and the geographic origins of genotypes and gene pools of plants (8, 36, 77) .
(ii) Breeding. It has been verified that despite some apparent clustering (85, 109) AFLP markers (i.e., discriminatory fragments by AFLP analysis) cover all chromosomes and are inherited in a Mendelian way (3), which is a prerequisite for molecular marker applications in breeding analysis. The AFLP technology has four major applications in marker-assisted breeding (13) .
(a) Variety identification. F 1 hybrids are the result of a cross between a female and male parental homozygous breeding line and often have agronomic performance superior to those of the parental homozygous lines. However, self-pollination in the female line and pollen from other male lines may interfere with the production of F 1 seeds. AFLP analysis allows the identification of the contaminating variety (65) .
(b) Germplasm management. AFLP profiles of breeding lines and F 1 hybrids were compiled in a database (61) . The information accumulated in this database allows the prediction of the agronomic performance of F 1 hybrids on the basis of their relative genetic distance.
(c) Indirect selection of agronomically important properties (traits). For monogenic traits, AFLP analysis needs a large collection of primer pairs to yield markers closely linked to these traits for diagnostic use (64) . This technique allowed the localization of genes that confer resistance to viruses, nematodes, fungi, or bacteria (6, 7, 14, 17, 50) and positional cloning of the relevant genes (103) . For the localization of polygenic quantitative traits AFLP analysis allows the fast and efficient construction of dense genetic maps (20, 81) . Genotyping of large segregating populations (70, 75, 117) can lead to the localization of one or more quantitative trait loci.
(d) Backcross breeding. To transfer inherited traits into elite parental genotypes a donor parent carrying a trait of interest is crossed to an elite line without this trait. The resulting F 1 line is crossed back to the elite line during selection of individual plants with the desired trait. After about six generations, the average contribution of the donor parent has been reduced to an average of 1%, but this percentage is variable. AFLP analysis can then be used to select backcross offspring with the lowest percentage of donor-specific alleles or offspring with crossovers near the trait to minimize negative linkage drag (114) .
Animal genetics. The availability of dense microsatellite maps, which already allowed the localization of numerous genetic diseases and traits, has delayed the application of AFLP analysis to linkage analysis for map-rich species (humans, mice, and domestic animals). AFLP analysis, however, made it possible to map a blood pressure quantitative trait locus in the rat after integration of AFLP markers in the microsatellite map (73) . A dense AFLP genetic map of rabbits for which no microsatellite map was available has been constructed in a relatively short time period (113) . AFLP analysis is especially useful for estimation of the divergence of nuclear genomes of related species, as demonstrated for wild and domestic cattle species (16) . For this application, AFLP analysis is more sensitive than the comparison of gene sequences and is, unlike by comparison of mitochondrial sequences, not disturbed by anomalous inheritance of the maternal lineage. Within species, AFLP analysis yields a direct estimation of genetic diversity among and within domestic breeds as an alternative to the tedious measurement of microsatellite allele frequencies (2) .
APPLICATIONS IN MICROBIOLOGY
Below we review examples of the application of AFLP analysis for microbial identification and strain typing.
Lower eukaryotes. (i) Parasites. AFLP markers have been used to analyze populations of Haemonchus contortus. AFLP analysis revealed a remarkably high degree of genetic diversity within non-inbred Haemonchus populations; this diversity was hardly reduced by drug selection but was clearly decreased by inbreeding (74) . AFLP combinations also proved to be successful in the genetic analysis of populations of the potato cyst nematodes Globodera rostochiensis and Globodera pallida (31) .
(ii) Fungi. A discrimination of intraspecific as well as interspecific genetic variation of Cyphomyrmex minutus, mycorrhizal fungi, and Fusarium species by AFLP analysis has been described previously (58, 69, 91) . Van der Lee et al. (108) constructed a comprehensive genetic linkage map of the plant pathogen Phytophtora infestans. AFLP analysis also allowed accurate strain typing of medically relevant fungi-like Aspergillus fumigatus and Candida spp. (107) .
Bacteria. Janssen et al. (45) pioneered the AFLP analysis of bacterial genomes, optimized the experimental conditions for 147 strains of nine different bacterial species, and presented a computerized data analysis. The effects of different restriction enzymes and selective primer extensions on the discriminatory power of AFLP analysis for discriminating different species were evaluated. A clear clustering of strains of the same bacterial species was found. The results showed evidence of the potential of AFLP analysis in epidemiological and evolutionary studies. Since then, several investigators have reported on the application of AFLP analysis in bacterial genetics.
(i) Taxonomy. One of the first genera extensively studied by AFLP analysis was Aeromonas (39-44). Huys et al. (39) clustered the AFLP patterns of 125 Aeromonas strains into one DNA hybridization group, while different strains within this group could be differentiated. AFLP analysis of another comprehensive panel of 98 Aeromonas strains representing the 14 hybridization groups as well as four species not yet allocated to a hybridization group revealed a strong correlation with DNA hybridization, which is still considered the "gold standard" (28, 42, 120) . Similarly, agreement in grouping by AFLP analysis and by DNA-DNA hybridization was found in a study of 151 strains of all described genomic species and a set of unclassified strains of the genus Acinetobacter (47) . The results showed that all strains were allocated to the correct species, with intraspecific similarity levels ranging from 29 to 74%, with most actual values being about 45%. Closely related DNA groups were clearly distinguished, whereas a cluster of unclassified strains was found to possibly represent a yet undescribed species. Koeleman et al. (54) confirmed the grouping of several clinical isolates of Acinetobacter baumannii within the A. baumannii species. In a taxonomic study of the honeybee pathogen Paenibacillus AFLP analysis with the combination of biochemical and DNA typing methods and DNA hybridization resulted in a reclassification of this genus. It was shown that despite more than 90% DNA relatedness, AFLP analysis could distinguish the strains at the subspecies level (37) . AFLP analysis of the recently identified species Ornithobacterium rhinotracheale indicated the existence of subspecies (112) 
These studies show that AFLP analysis is a powerful method for delineation of genomic groups within genera, although definitive genomic species descriptions still rely on DNA-DNA hybridization (120) .
(ii) Epidemiology. DNA fingerprinting plays an obvious role in the analysis of the spread and persistence of pathogenic bacteria in the hospital environment (101, 106) . Accurate typing at the strain level requires a highly discriminatory and reproducible method. Since small genetic alterations like the spread of mobile DNA fragments may be relevant, the high discriminatory power and reproducibility of AFLP analysis become useful.
Acinetobacter baumannii is notorious as a cause of nosocomial outbreaks. As stated earlier, Dijkshoorn et al. (24) , Janssen and Dijkshoorn (46) , and Koeleman et al. (53, 54) demonstrated an accurate identification of all species that was concordant with the DNA hybridization grouping. In addition outbreak-related and non-outbreak-related strains could clearly be identified.
The relatedness of sequential blood culture isolates of Staphylococcus epidermidis obtained from single patients was confirmed by AFLP analysis (97) . Unrelated strains were clearly identified as such (78 to 93% homology), as were epidemiologically related strains. Clonal transmission of an Staphylococcus aureus strain between different family members and their cat and dog as a cause of recurrent infection was demonstrated by AFLP analysis (96) . On the basis of the AFLP analysis results, the animals were identified as the reservoir.
Legionella pneumophila strains isolated from patients and from different water sources were identified by AFLP analysis, RFLP analysis, and ribotyping (105) . The origin of infection was identified by AFLP analysis. The patterns of these clinical and environmental strains clearly differed from those of the unrelated environmental strains.
Bacillus anthracis is one of the genetically most monomorphic bacterial species, and such species showed extremely low levels of molecular variation in their AFLP patterns (97% homology), whereas a great deal of diversity was found between different Bacillus taxa by AFLP analysis. Nevertheless, two well-defined clusters were identified. On the basis of AFLP marker similarity, the ongoing anthrax epidemic in Canada and the northern United States was shown to be due to the introduction of a single strain. This strain has remained stable for at least 30 years (52) .
Salmonellae are one of the main causes of human enteric disease (15) and are among the most important causes of food poisoning worldwide. In many countries, the number of gastrointestinal infections caused by Salmonella enteritidis has increased in recent decades (89) . Over 2,000 Salmonella serotypes are recognized (21, 29, 121) . Although the majority of outbreaks in livestock are caused by a select number of serotypes, serotyping is not an adequate method for determination of the source of contamination during an outbreak (71) .
Multilocus enzyme electrophoretic typing suggests that salmonellae have a clonal population structure (9) . Phylogenetic analysis by DNA-based methods grouped Salmonella serotypes in closely related clusters (72) . Both the DNA techniques and traditional typing methods differentiate strains but do not discriminate all strains within a serotype. Recent AFLP analysis of Salmonella enterica serovar Dublin strains with known PFGE types identified unique AFLP patterns, suggesting that AFLP analysis and PFGE have about the same discriminatory powers for salmonellae (25) . Aarts et al. (1) analyzed 78 Salmonella strains comprising 62 different serotypes by AFLP analysis and showed that the patterns were specific for serotypes and in some cases even for strains. Duim et al. (25) obtained AFLP patterns that discriminated different Salmonella serotypes; however, strains within the serotype S. enteritidis showed similarities of 90% or more. This indicated that the AFLP analysis conditions used were not optimal for differentiation of strains within this serotype or that AFLP analysis established the clonality of S. enteritidis (25) .
AFLP analysis of Campylobacter, another microorganism important in food-borne gastrointestinal infections, showed that strains from poultry were separated into two groups: Campylobacter jejuni and Campylobacter coli (26) . Within the cluster of C. jejuni individual AFLP patterns were observed, as were groups of poultry and human strains with shared AFLP banding patterns.
For Helicobacter pylori, the causative agent of peptic ulcers and gastric cancer, reproducible and discriminatory results were obtained by one enzyme-adapter method and analysis on agarose gels (32) . AFLP and RAPD analyses provided evidence of the existence of H. pylori quasispecies (57) .
Streptococcus pyogenes is an important human pathogen that has reemerged over the last decade. Many typing methods have been used to study the epidemiology of streptococcal disease, and these studies suggested a clonal expansion of certain serotypes with markedly increased virulence. Serotyping requires at least 80 different antiserum specimens, and up to 50% of the strains may be nontypeable. In addition, most serotyping is based on the M-antigen or protein, the gene for which is subjected to recombination and horizontal transfer, resulting in mosaic structures. AFLP analysis of 60 strains of distinct serotypes yielded clustering of patterns that were in complete accordance with their clustering by serotype, suggesting that differentiation by AFLP typing is as good as that by serotyping. These results indicate that AFLP typing can be used to detect clonal expansion of bacterial species (93 The presence of eukaryotic DNA and/or the small amount of microorganisms isolated may hamper the use of AFLP analysis for genotyping of intracellular microbes. Nevertheless, reproducible AFLP patterns for intracellular Chlamydia spp. have been obtained. These showed genomic variation (12, 63, 68) . For Chlamydia psittaci characterization of 12 strains was possible at the infrasubspecific level. Analysis of a cluster of French isolates permitted differentiation by host origin and clinical syndrome (12) . In another study the genomic relatedness of 19 Chlamydia pneumoniae, 21 Chlamydia trachomatis, and 6 C. psittaci isolates and 1 Chlamydia pecorum isolate was determined by AFLP analysis (63) . Cluster analysis of all species revealed the presence of groups other than those based on sequence data from single genes, and the analysis was in accordance with available DNA hybridization data. Morré et al. (68) showed genetic heterogeneity of C. trachomatis strains between and within biovars and within the urogenital trachoma serovars D, E, and F.
(iii) Ecology. A library of AFLP patterns of Aeromonas permitted determination of the distribution of 168 Aeromonas isolates from drinking-water production plants (41) . Of all strains tested, 86% could be allocated to the known 14 DNA hybridization groups so far recognized within this genus. The remaining strains grouped in a homogeneous AFLP cluster, which was named Aeromonas popoffii sp. nov. after a more elaborate study of these strains (44) . The diversity and persistence of coliforms and aeromonads in a Swedish drinking well were studied (56) . Most strains were transient inhabitants, but all 11 Aeromonas hydrophilia isolates clustered within the same hybridization group. This study suggested the persistence of a genetically stable Aeromonas clone that resided in the well water over the whole 4-year study period and at the same time showed the presence of transient bacterial strains in the well.
VARIATIONS ON A THEME
Several variations of the original AFLP protocol have been reported. (i) Digestion of DNA with BamHI and BglII and ligation to a single adapter generated useful fingerprints for mycobacteria (76) . (ii) Sequence-specific amplification polymorphisms analysis, which is a PCR between an adapter sequence and a labeled primer specific for a plant retrotransposon (27, 60, 119) or the IS6110 element of Mycobacteria tuberculosis (34) , is used to amplify fragments that carry the respective interspersed repeat. (iii) Differences in methylation patterns were analyzed with the restriction enzymes MspI and HpaII, in addition to EcoRI. The isoschizomers MspI and HpaII cleave a sequence affected by the methylation state. This approach demonstrated universal DNA methylation in three major fungal taxa (Mucor, Yarrowia, and Ustilago) during fungal morphogenesis (88) . (iv) Amplification products obtained by AFLP analysis can be recovered and cloned for sequence analysis to identify genetic markers (18, 19) . (v) AFLP analysis of cDNA is a powerful alternative to differential display for systematic analysis of differential gene expression (5, 35, 49, 66) .
An exciting prospect is AFLP analysis of genomes that have been sequenced completely. This would yield direct localizations of genomic or expressed AFLP fragments (4) and the conversion of polymorphisms to a single nucleotide polymorphism, amenable to highly informative genotyping in a microarray format.
CONCLUSIONS
AFLP analysis has established itself as a broadly applicable genotyping method with high degrees of reproducibility and discriminatory power. Several applications in taxonomy, diagnostics, and epidemiology have already been realized. Its reproducibility may allow compilation of a database of genotypes and the exchange of data between laboratories. This requires the use of standardized reagents and protocols and international strain depositories. For a uniform interpretation of AFLP patterns, we recommend the formulation of guidelines like those developed earlier for PFGE (10, 100, 102) .
